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VIITI. RECOMMENDATIONS

Based on the extensive evaluation performed, it is JHK &
Associates' recommendation that the City undertake a program to

actively implement Candidate System 5. This System is a cost-

effective approach to meet the goals and identified needs of the
City. A high level of capabilities in traffic operations, traffic
engineering analysis, and in flexibility and auxillary services is
provided with only a minor impact on maintenance operations. The
System has some adverse implementation characteristics, however, it
is within an acceptable tolerance and the negative impacts can be
minimized through project planning.

Meeting the traffic operations goal is important in that it
permits the City to extract additional capacity from the existing
street network at a relatively low cost. Viewed within another
context, the traffic operations capability, together with the flexibi-
lity provided by the system, will permit the City to maintain at
least the existing level of performance ten years from now. This
is an important consideration since traffic congestion expected in
ten years, due to population growth and revitalization of the Central
Business District, will be severe if only the existing system
‘operation is provided.

In addition, this system provides benefits beyond those
- associated with the normal day-by-day operations. For example, the
.appeal of attending activities at the City Auditorium would be
increased as the system would improve access. The safety of Fire
V Department personnel and the motoring public will be increased by
providing preemptive signal operation. Monitoring signal equipment
will have a compound effect in that this feature provides assurance
that the system ié operating in accordance with the planned strategy
and that motorist exposure to unsafe conditions due to equipment
malfunctions is reduced. The traffic surveillance aspect of the
system provides the necessary feedback required to efficiently operate
a control system. This features is not and cannot be provided by

the existing system.

100



jhk —

Viewed from an economics sense, Candidate System 5 represents
an excellent investment in the community. The analysis indicates
that this system will provide a minimum of $2.90 return for every
dollar invested. As a continued investment in the existing system
is mandatory to maintain at least the current level of service, it

is perhaps of more significance to note the return per additional

dollar invested to implement Candidate System 5. Every dollar
invested in Candidate System 5, in lieu of continuing the existing
system operation, returns a minimum of $4.68 to the community. This

represents an excellent investment choice.
IMPLEMENTATION

The work required to construct the system will represent a
major undertaking by the City. Although the project could be staged,
it is recommended that the initial construction project include as
much of the initial system as funding will permit. Due to the
complexity and interactive nature of the system components, the
installation of the majority of the system under one project permits
a more thorough checkout than is possible with a piecemeal installation.
Successful implementation also requires that a high level of project
administration be maintained which can be performed more effectively

and economically on a single project.

Contracting Procedure

The initial system construction project should be performed
by a single installation contract by a systems contractor having
prime contractor responsibility. The work should be conducted in
accordance to detailed plans and specifications and be competetively
bid. A gualified consultant should be retained by the City during
implementation to act on the City's behalf in monitoring the contractor's
work and providing assistance in testing, system integration, timing

and data base development, inspection, and supervision.
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City Force Account Work

Although there may be some apparent cost savings by

performing work with city forces (e.g. installation of cable,
detectors, etc.), all construction work should be performed by

the Contractor. This insures that there is no misunderstanding as
to who is responsible for the various items of work and that the
Contractor is not dependent upon others for maintaining the project
schedule.

The City should limit project involvement to developing the
various traffic data required, preparing the system data base, and
supervising testing and inspection. However, the project specifi-
cations should be written such that the City could participate in
all phases of the constructidn such that personnel are totally

familiar with all aspects of the system when it is completed.

Contracting Agency

Discussions concerning construction contracting procedures
with the State indicated that the City normally acts as the
contracting authority with the State providing assistance in bid
advertising, letting, and providing advisory services during
implementation. The administration of a computerized signal imple-
mentation project is generally more time consumming than a highway
project of the same dollar value. This will require additional
City capabilities provided either by temporary additions to the staff
or consultant services ﬁhat are not included in the cost estimates.

As an alternative, the State could act as the contracting
authority with the City-providing local assistance. It is, therefore,
recommended that this subject be investigated further during the

system design.

Implementation Staging

It is estimated the initial system implementation project will
cost $1,708,000 as shown in Table 16. It should be noted, however,
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that almost $400,000 of this work represents controller equipment
and intersection detection upgrading that should be performed now --

with the existing system.

TABLE 16 ~ ESTIMATED INITIAL CAPITAL COST

Cost

Component (Thousands)
1. Master Site Preparation $ 20
2. Master 162
3. System Integration 60
4. Timing and Data Base Development 42
5. ‘Controller Equipment 235
6. Intersection Detection 171
7. System Detection 134
8. Communications 645
9. Test Equipment 12
10. Spares 17
11. Inspection and Supervision 55
12. PS&E 45
13. Implementation Assistance 100%
14. Training - 10
TOTAL $1,708

In the event it is ﬁecessary to stage the project due to
funding limitations, it is recommended that emphasis be placed on
procurring the central equipment and controller equipment. As an
interim measure, the system communications facility, which is
estimated to cost $645,000 for a city owned cable network, could be
provided by a mixture of city owned cable and telephone cable. Under
this arrangement, a city owned network would be built in the CBD with

communications to the remaining signals provided by Northwestern Bell

Telephone at an annual cost of approximately $10,000. This would result

* Assumes State is contracting agency.
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in an estimated reduction in initial construction costs of
$300,000. .

Construction of cable facilities to provide communicatiohs
to locations initially using telephone cable could then be performed
over several years. This could be accomplished by the City as part
of the capital improvemeﬁt program and as part of other construction
projects.

Thus, the initial project should include as a minimum the
installation of all master equipment and provide the foundation of
a city owned cable system. Controller modifications, installation of
new controller equipment, and installation of intersection and system
detectors should be configured to optimize improvement realized

within funding constraints.

Implementation Schedule

It is estimated that the initial implementation project will
require between 18 and 24 months to complete, depending on the
number of signals that are included in the project. As the project
will require a substantial amount of field construction activity, the
project time will also be affected by weather conditions. Before the
implementation project can be let, it will be necessary to develop
construction documents including plans, specifications, and estimates.
In view of these factors and the project review time that will be
reguired, a target date of fall 1978 to let the project would be
most advantageous to the City and is an achievable goal. This would
permit completion of the project in 1980.

To permit this schedule to be met, it would be necessary to
combine the Phase II and Phase III work described as follows into
a single project:

° Phase II - Prepare a detailed system description
and an implementation guideline of the
selected system.

° Phase III - Develop plans, specifications, and
cost estimates to permit equipment,
materials, and services to be procured.
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This work should result in the design of the total system,
including the communications network, and the construction documents
for the initial implementation project. Subsequent construction
work, that may be necessary due to staging, would then be performed

to complete those portions of the system design that were not

accomplished in the initial project.

Funding

The signal system improvement project is expected to qualify
for Federal Aid Urban System funds which are administered by the
Iowa Department of Transportation. In addition to this funding
source, the Economic Stimulus Act of 1977 provided $10 million
funding for the Traffic Control Signalization Demonstration Program
authorized by Section 146, Federal Highway Act of 1976. Although
these funds, which provided 100 percent funding, have been

committed, an additional $20 million has been included in recommenda-

tions for Fiscal Year '78.
The Sioux City signal system system improvement project
is felt to meet the criteria for a signal demonstration project.
The project would seem to be of interest in that it is a labor
intensive project and would demonstrate the use of modern traffic
control technology in a typical Midwestern City. In view of this
potentially favorable funding source, it is recommended that the City
actively proceed into the design phase such that its status will increase

the attractiveness of the project.
OPERATIONS AND MAINTENANCE

Continued operation and maintenance of the recommended system
will require several long-term committments by the City. First, an
additional traffic operations staff position at a semi-professional
level will be required. This position, tentativély designated as

Systems Specialist, will be required to insure that the capabilities
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offered by the system are utilized and to perform the analysis

and operations tasks that are necessary to maximize system efficiency.
Although the system would have the capabilities to operate essentially
unattended, it will degrade in time if the recommended support is

not provided. This would be particularly true in the CBD and Morning-
side areas due to the many changes that are expected. Although the
system has the flexibility to accommodate these changes, engineering
‘support is required to perform the system modifications.

Second, an additional maintenance position is required to
provide dedicated electronics bench and field trouble-shooting
capabilities. This position would be divorced from construction
activities and normal day-by-day maintenance. Although this position
is mandatory for maintenance of the recommended system, it is the
opinion of JHK & Associates that these capabilities are currently
required. - Thus, this is a current need that must be provided if the
recommended system is implemented.

Last, it woﬁld be necessary for the City to enter into an
agreement with either the computer manufacturer or the systems
supplier for the continued maintenance of the computer and peripherals.
It is expected that daily periodic maintenance would be performed
by the Systems Specialist, however, it would not be practical for
the City to undertake total maintenance of the computer. As an
interim measure, communications hardware should also be repaired by
the vendor until such time that the City's maintenance forces have
acquired sufficient experience to maintaiﬁ this complex equipment.

It is expected that outside maintenance of communications hardware
will be required for a maximum of two yeafs -- depending upon the
background and capabilities of the electronics technician.

It is estimated that the support required to operate and
maintain the recommended system will increase the current annual
budget by $43,000. This estimate is shown in Table-17. It should
be noted, however, that the electronics technician staff position is

currently needed and does not actually indicate a cost that is a
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direct result of implementing the recommended system. This position

should be added even if the system is not modernized.

TABLE 17 - ESTIMATED OPERATION AND MAINTENANCE BUDGET INCREASE

Item Annual Cost
Systems Specialist $14,000
Electronics Technician 11,000
Computer Maintenance Contract 15,000
Interim Communications Maintenance 3,000

TOTAL $43,000

To insure that operation and maintenance personnel are
knowledgeable in the system operation, the system implementaﬁion
should include staff training. The training requirements would
include factory training on equipment and "hands on" training during
construction. This training should be included as part of the require-
ments of the system implementation project to be provided by the prime
- contractor, equipment suppliers, and the Consultant. This training
will permit the City to assume full responsibility and operate the
system without outside assistance other than that previously
described.

The increased operation and maintenance cost are more
apparent than real. The modernized system will reduce trouble call
maintenance which will permit personnel to perform other activities
that cannot be done now. Based on the experience of other Cities,
it is expected that the system will also promote a higher level of
staff efficiency, pride, and professionalism. This factor alone can

produce high dividends to the public.
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APPENDIX A
CANDIDATE UTILITY

Table A-1 through A-5 presents a summary of the development
of utility values for the existing system and each candidate
signal system. These tables present, for each evaluation goal,
the utility measure score attained by the systems and the resultant
system utility. The total utility value for the goal and the
weighted utility value is also shown.




TABLE A-1 TRAFFIC OPERATIONS UTILITY -~~~ ~° =777~ o

_ Existing CANDIDATE
Utility Measurement Weight System 1 2 ) 3 4 5 6
Initial B d i i *
nitia oundary Configuration 15 (2) 30 % (5) 75 (7) 105 (10) 150 (10) 150 (10) 150 (10) 150
Coordination Between Systems 14 (0) 5 (0) 0 (5) 70 (10) 140 (10) 140 (10) 140 (10) 140
R titi Timi Pl
epetitive Timing an 16 (2) 32 (8) 128 (9) 144 (10) 160 (10) 160 (10) 160 (10) 160
C . P e N
Reserve Timing Plan Capabilities 10 (0) o (0) 0 (5) 50 (10) 100 (10) 100 (10) 100 (10) 100
Timing Plan Selection' Techniques 10 (0) 0 (9) 90 (9) féo' (10) 100 (8) 80 (10) 100 (10) 100
Fi R P ti
ire Route Preemption 8 (0) 0 (5) 40 (5) 40 (5) 40 (0) o (10) 80 (10) 80
Controller Operation 14 (4) 56 (5) 20 ‘(6) 84 A7) 03 (4) 56 (9) 126 (10) 140
Local Preemption 7 (10) (10) (10) (10) (0) (10) (10)
70 70 70 70 0 70 70
Special Controller Operations 6 (1) 6 (2) 19 (4) 24 (5) 30 (4) 24 (9) 54 (10) 60
Total Utility Value . : . . 194 485 677 888 710 980 1,000
Goal Weight .33 .33 .33 .33 .33 ' .33 .33
Weighted Utility Value 64.0 160 223 293 234 - 323 330

* (x) - Candidate Score

** x - Candidate Utility



TABLE A-2 TRAFFIC ENGINEERING ANALYSIS UTILITY

Existing CANDIDATE
Utility Measure Weight  System 1 2 . 3 4 5 6
O ti E [ *
perations Event Record 20 (0) O % (0) 0 (6) 120 (8) 160 (9) 180 (lO)2OO (10) 200
Permanent Count Station Data 15 (0) 0 (0) 0 (3) 45 (5) 75 (7) 105 (lO)150 (10) 150
Surveillance MOE Data 26 (0) o (0) 0 (5) 130 (7) 182 (8) 208 (10)260 (10) 260
Surveillance Report Format 19 (0) o (0) :O (2) 38 (3) 57 (5) 95 (8) 152 (10) 190
Real-Time Data Collection 10 (0) 0 (0) o (0) o (0) 0 (0) 0 (8) 80 (10) 100
Freeway Traffic Surveillance 10 (0) 0 (0) 0 (3) 10 (5) 50 (7) 70 (lO)lOO (10) 100
Total Utility Value 6] 6] 363 ' 524 658 942 1,000
Goal Weight .18 .18 .18 .18 .18 .18 .18
118 170 180

Weighted Utility Value 0] 0 65 94

* (x) - Candidate Score

** x - Candidate Utility




TABLE A-4 MAINTENANCE OPERATIONS UTILITY

Existing CANDIDATE
Utility Measure Weight System 1 2 3 4 5

: . . ) g * ) )

Monitor Controller Operation 20 (0) Ok * (0) 0 (5 100 (7, 140 (6) 120 (8) 160 (10) 200

it S D t ’ .
Monitor System Detectors 15 (0) 0 (0) 0 (6) 90 (7) 105 (8) 120 (8) 120 (10) 150

it Int ti Detect
Monitor Intersection Detectors 15 (0) 0 (0) 0 (5) 75 (7) 105 (5) 75 (8) 120 (10) . 150
Permanent Maintenance Failure Log 13 (0) 0 (0) 0 - (5) 65 (6) 78 (8) 104 (lO)130 (lO)‘ 130
Level of Increased Maintenance -

Technology Required 15 (lOl50 (8) 120 (5) 75 (5) 75 (3) 45 (2) 30 (1) 15
Familiarity With Equipment 12 (lQi20 (lO)120 (7) 84 (7) 84 (7) 84 (7) 84 (1) 12
Level of Outside Maintenance .

Assistance Required 10 (loioo (lO)loo (6) 60 (5) 50 (4) 40 (3) 10 (2) 20

Total Utility Value 370 340 549 637 588 674 677

Goal Weight .18 .18 .18 .18 .18 .18 .18

Weighted Utility Value 67 61 99 115 106 121 122

* (x) - Candidate Score

*% x - Candidate Utility




TABLE A-5 IMPLEMENTATION CHARACTERISTICS UTILITY

. Existing CANDIDATE
Utility Measure Weight System 1 2 3 4 5
. . ‘s *
Equipment and Software Availability 25 (10)250** (10)25O (8) 200 (7) 175 (8) 200 (5) 125 (3) 75
P T 2
roven Technology 0 ‘10)200 (lO)200 (7) 140 (6) 120 (9) 180 (6) 120 (4) 80
Operations Personnel Educational
RequlrementsA 20 (10)200 (10)200 (5) 100 (4) 80 (4) 80 (3) 60 (1) 20
Maintenance Personnel Educational )
] ) 2
Requirements 0 (lO)200 (8) 160 (5) 100 (4) 80 (4) 80 (3) 60 (1) 20
Implementation Impact 15 (10)150 (8) 120 (5) 75 (4) 60 (4) 60 (4) 60 - (2) 30
Total Utility Value 1,000 930 615 515 600 425 225
Goal Weight .13 .13 137 .13 .13 .13 .13
Weighted Utility Value 130 121 80 67 78 55 29

* (x) - Candidate Score

** x - Candidate Utility



APPENDIX B
COST ESTIMATES

Cost estimates were developed for each of the candidate
systems and the existing system for a ten-year period and are shown
in Tables B-1 through B-7. A ten-year time frame for cost comparison
was used since this is considered a minimum system design life. The
estimated costs reflect both the capital improvement investment
required and the operating expenses associated with each system. The
total annual cost was then reduced to present worth by the application
of a seven percent discount rate. The last column of each table
presents the ten year cost for each category, the total cost, and the

present worth cost.




TABLE B-1 EXISTING-SYSTEM - TEN YEAR COST ANALYSIS

(Thousands)
Year
1 2 3 4 5 6 7 8 9 10 Total
CAPITAL COST
1. Master Site Preparation
2. Master
3. System Integration
4. Timing and Data Base Development - 5 5 . 10
5. Controller Equipment 72 148 22 22 22 22 22 22 26 26 404
6. Intersection Detection 56 115 22 22 22 © 22 22 22 17 17 337
7. System Detection
8. Communications
9. Test Equipment 6 6
10. spares : 10 10
11. 1Inspection and Supervision 10 20 ‘30
12. PSSE 15 15
13. Implementation Assistance 6 15 21
14. Training 2 2 , 4
TOTAL 166 321 44 44 44 44 44 44 43 43 837
RECURRING COST .
1. Master Maintenance
2. Controller Maintenance 14 15 17 18 19 21 22 23 149
3. Detector Maintenance
° Intersection ' 10 11 12 . 13 14 15 16 17 108
° System ' '
4. Communications Maintenance 8
5. Telephone Rental ] 2 2 . 2 2 2 20
6. Operations Personnel 9 9 5 5 5 5 5 5 5 5 58
7. Interim Maintenance 24 24 48
TOTAL 35 35 32 34 37 39 41 44 46 48 391
TOTAL 201 356 76 - 78 81 83 85 88 89 91 1,228
Present Value Factor (7%) 1.0 0.9346 0.8734 0.8163 0.7629 0.7130 0.6663 0.6227 7.5820 0.5439

Present Value 201 332.7 66.4 63.7 61.8 59.2 56.6 54.8 51.8 49.5 997.5




TABLE B-2

CANIDATE 1 - TEN YEAR COST ANALYSIS

(Thousands)
Year
1 2 3 4 5 6 7 8 9 10 Total
CAPITAL COST
1. Master Site Preparation
2. Master 16 16 6 6 6 6 N 6 62
3. System Integration
4. Timing and Data Base Development 9 10 19
5. Controller Equipment 156 235 31 31 31 31 31 31 33 33 643
6. Intersection Detection 56 115 22 22 22 22 22 22 17 17 337
7. System Detection 13 25 8 8 8 8 8 78
8. Communications 142 288 7 7 7 7 7 7 7 479
9. Test Equipment 6 = 6
10. sSpares 10 10
11. Inspection and Supervision 16 32 48
12. PS&E 30 30
13. Implementation Assistance 12 23 35
14. Training 2 2 . 4
W) TOTAL 458 756 53 74 74 74 60 74 57 71 1,751
l, RECURRING COST
1. Master Maintenance 3 3 3 4 4 5 26
2. Controller Maintenance 22 23 25 26 27 29 30 31 213
3. Detector Maintenance
° Intersection 10 11 12 13 14 15 16 17 108
° System 2 2 3 3 3 4 4 4 25
. Communications Maintenance 5 5 6 6 6 6 45
. Telephone Rental -
. Operations Personnel 25 .25 13 13 13 13 13 13 13 13 154
7. Interim Maintenance 24 24 48
TOTAL 49 49 54 56 61 64 66 71 73 76 619
TOTAL 507 805 107 130 135 138 126 145 130 147 2,370
Present Value Factor (7%) 1.0 0.9346 0.8734 0.8163 0.7629 0.7130 0.6663 0.6227 0.5820 0.5439
Present Value 507 752.4 93.5 106.1 103.0 98.4 84.0 90.3 75.7 80.0 1990.4




TABLE B-3 CANDIDATE 2 - TEN YEAR COST ANALYSIS

(Thousands)
Year
1 2 3 4 5 6 7 8 9 10 Total
CAPITAL COST
1. Master Site Preparation 20 20
2. Master 34 70 5 5 6 6 6 132
3. System Integration 12 23 35
4. Timing and Data Base Development 8 17 25
5. Controller Equipment 113 228 31 31 31 31 31 31 32 32 591
6. Intersection Detection 56 115 22 22 22 22 22 22 17 17 337
7. System Detection 28 58 8 8 8 8 ) 8 126
8. Communications 204 413 9 9 9 9- 9 9 12 12 695
9. Test Equipment 12 12
10. spares 14 14
11. Inspection and Supervision 17 34 51
12. PS&E 44 44
13. Implementation Assistance 23 47 70
14. Training 3 4 7
TOTAL 574 1,023 62 75 75 76 62 76 61 75 2,159
2ECURRING COST
1. Master Maintenance 13 13 14 14 14 15 15 15 113
2. Controller Maintenance 19 20 22 23 24 26 27 28 189
3. Detector Maintenance
° Intersection 10 11 12 13 14 15 16 17 108
° System 4 5 5 5 5 6 6 6 42
4. Communications Maintenance 13 13 14 14 14 14 15 15 112
5. Telephone Rental
6. Operations Personnel 30 30 22 22 22 22 22 22 22 . 22 236
7. Interim Maintenance 24 24 48
TOTAL 54 54 81 84 89 91 93 98 101 103 848
J0TAL 628 1,077 143 159 164 167 155 174 162 178 3,007
fresent Value Factor (7%) 1.0 0.9346 0.8734 0.8163 0.7629 0.7130 . 0.6663 0.6227 0.5820 0.5439
Fresent Value 628 1006.6 124.9 129.8 125.1 119.1 103.3 108.3 94.3 96.8 2536.2




TABLE B-6 CANDIDATE 5 -

TEN YEAR COST ANALYSIS

(Thousands)
Year
1 2 3 4 5 6 7 8 9 10 Total
CAPITAL COST
1. Master Site Preparation 20 20
2. Master 53 109 162
3. System Integration 20 40 60
4. Timing and Data Base Development 14 28 ! 42
5. Controller Equipment 78 157 24 24 24 24 24 24 27 27 433
6. Intersection Detection 56 115 22 22 22 22 22 22 17 17 337
7. System Detection 44 : 90 12 12 12 12 12 194
8. Communications 213 432 12 12 12 12 12 12 14 14 745
9. Test Equipment 12 12
10. Spares 17 17
11. 1Inspection and Supervision 18 37 55
12. PS&E 45 a5
13. Implementation Assistance 33 ’ 67 100
14. Training 4 6 10
TOTAL 610 . 1,098 58 70 70 70 58 70 58 70 2,232
RECURRING COST
1. Master Maintenance 14 14 14 14 14 14 14 14 112
2. Controller Maintenance 14 15 17 18 19 21 22' - 23 149
3. Detector Maintenance )
° Intersection 10 11 12 13 14 15 16 17 108
° System 6 7 8 9 9 9 9 10 67
4. Communications Maintenance 12 13 14 16 17 18 20 21 131
5. Telephone Rental 1 1 1 1 1 1 1 2 2 11
6. Operations Personnel 30 .30 22 22 22 22 22 22 22 22 236
7. Interim Maintenance 24 24 48
TOTAL 54 55 79 83 88 93 96 100 105 109 862
TOTAL 664 1,153 137 153 158 163 154 170 163 179 3,094
Present Value Factor (7%) 1.0 0.9346 0.8734 0.8163 0.7629 0.7130 0.6663 0.6227 0.5820 0.5439
Present Value 664 1077.6 119.7 124.9 120.5 116.2 102.6 105.9 94.9 97.4 2623.7




jhk —

APPENDIX C
COMMUNICATIONS

As the communications facility necessary to interconnect

signals to the computer is a relatively large component of the total

system cost, an investigation of all alternatives was performed.

This included the use of services provided by others, such as

Northwestern Bell Telephone, and the joint use of telephone and

power company facilities for the installation of city owned cable.
Sioux City is somewhat unique in that there does not currently

exist an extensive city cable network or city owned facilities

(conduit, pole lines, etc.) to install cable. Therefore, investigations

were first made to determine whether it was feasible to install

cable in or on facilities owned by Northwestern Bell or Iowa Public

Service Co. This resulted in the following findings:

1. There are no requirements by these utilities
to provide space in conduit or on pole lines
for cable installation by the City.

2. Underground installation of city cable in
Iowa Public Service Co. conduit, if available,
is discouraged due to potential hazard and
liability. The probability of joint use of
underground facilities is very small.

3. Northwestern Bell has some conduit space
available and would permit the City to
install cable. However, a conduit rental
cost of $.90 per foot per year would apply.
Therefore, over the life of the system it
would be less expensive for the City to
build new underground facilities.

4. Joint use of pole lines is permitted by
both utilities at a yearly rental cost of
approximately $5.00 per pole per year.

Based on these findings a preliminary cable routing was developed
using a city owned underground facility in the CBD and an aerial, joint
use facility elsewhere. This was reviewed by the utilities, adjusted
to minimize utility conflicts, and found to be a feasible approach.

The cost of the cable network was then estimated to permit a

cost comparison of similar services provided by Northwestern Bell to

c-1



